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In cooperative breeding systems, offspring care is often shared 
between the dominant male and female breeders, and a variable 
number of subordinate helpers (Koenig & Dickinson, 2016; Komdeur 
et al., 2017; Solomon & French, 1997; Stacey & Koenig, 1990). The 
optimal amount of parental investment provided by a dominant 
breeder is determined by the trade-off between current and future 
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In cooperatively breeding species, care provided by helpers may affect the dominant 
breeders investment trade-offs between current and future reproduction. By nega-
tively compensating for such additional care, breeders can reduce costs of reproduc-
|bom -m7 blruo; |_;bu om 1_-m1;v o= vub-Ѵĺ Ѵ|;um-|b;Ѵķ _;Ѵr;u 1-u; 1-m 0;
additive to that of dominants, increasing the fledging fitness of the current brood. 
However, the influence helpers have on brood care may be affected by group size 
and territory quality. Therefore, the impact of helping needs to be disentangled from 
other factors determining offspring investment before conclusive inferences about 
the effect of help on additive and compensatory care can be made. We used 20 years 
of provisioning data to investigate the effect of helping on provisioning rates in the 
facultative cooperatively breeding Seychelles warbler Acrocephalus sechellensis. Our 
extensive dataset allowed us to statistically disentangle the effects of helper pres-
ence, living in larger groups and different food availability. We show compensatory 
and additive care (i.e., partial compensation) in response to helper provisioning. 
Helpers lightened the provisioning load of the dominant male and female and in-
creased total provisioning to nestlings. This was irrespective of group size or territory 
quality (food availability). Moreover, our results illustrate sex-specific variation in pa-
rental care over the course of the breeding event. We discriminate between temporal 
variation, group size, and territory quality processes affecting cooperative care and 
as such, gain further insight into the importance of these factors to the evolutionary 
maintenance of helping behavior.
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 + )  ! 	 "
additive care, compensatory care, cooperative breeding, investment strategies, load-
lightening, parental care, Seychelles warbler
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reproduction (Stearns, 1989, 1992; Williams, 1966) and the care 
provided by helpers may affect the balance of this trade-off for 
the dominants (Johnstone, 2011; Russell, Young, Spong, Jordan, & 
Clutton-Brock, 2007). For example, care provided by helpers may 
increase the success of the current reproductive attempt, allow the 
dominants to reproduce more frequently, and/or improve the sur-
vival and future reproductive output of the dominants (Brown, Dow, 
uomķ ş uomķ ƐƖƕѶĸ ;bmvo_mķ ƑƏƏƓĸ bm]l-ķ -ѴѴķ uub;uoķ ş
Peters, 2010; Koenig & Dickinson, 2016).
The investment strategies implemented by cooperative breeders 
are generally classified as additive and compensatory care strat-
egies (Hatchwell, 1999b; Johnstone, 2011). When helpers improve 
overall care levels, the care provided is additive (Emlen & Wrege, 
1991; Tanaka, Frommen, Engqvist, & Kohda, 2017; Zöttl, Fischer, & 
$-0ouvhķƑƏƐƒőĺ$_;u;vѴ|bm]bm1u;-v;bm|_;|o|-Ѵ-lom|o=1-u;
received by the offspring can lead to higher reproductive success 
(Bales, French, & Dietz, 2002; Emlen & Wrege, 1991; Hatchwell, 
ƑƏƏƓĸ ol7;uķ ƐƖƖƓĸ !vv;ѴѴ ;| -Ѵĺķ ƑƏƏƕĸ $-m-h-ķ o_7-ķ ş
Frommen, 2018) through accelerated offspring growth (Bell et al., 
ƑƏƐƓĸ	b1hbmvomķo;mb]ķşb|;Ѵh-ķƐƖƖѵĸo7];ķƑƏƏƔő-m7u;71;7
offspring starvation (Dickinson et al., 1996; Hatchwell, 1999b, 1999a, 
ƑƏƏƓĸ;bmvo_mķƐƖƖƔĸbm]l-;|-ѴĺķƑƏƐƏőĺom;uv;Ѵķ_;m|_;
dominants compensate for the care provided by helpers by reduc-
ing their amount of care, the total amount of care received by the 
offspring may remain similar. Such load lightening by helpers can 
reduce the costs of reproduction for the dominants (Bruintjes, Heg-
-1_-uķş;]ķƑƏƐƒĸ	bb|ķm]Ѵbv_ķşh-vķƑƏƐƕĸ;bmvo_mķƑƏƏƓĸ
Koenig & Walters, 2011; Meade, Nam, Beckerman, & Hatchwell, 
2010; Scantlebury, Russell, McIlrath, Speakman, & Clutton-Brock, 
ƑƏƏƑĸ "_-urķ m]Ѵbv_ķ ş Ѵ||omŊuo1hķ ƑƏƐƒőķ _b1_ 1-m Ѵ;-7 |o
increased dominant survival (Cockburn et al., 2008; Hatchwell & 
Russell, 1996b; Heinsohn, 1992; Khan & Walters, 2002; Kingma et al., 
2010) and increased future reproductive success (Brown & Brown, 
ƐƖѶƐĸ!vv;ѴѴķuo|_;u|omķ1Ѵu-|_ķ"_-ur;ķşѴ||omŊuo1hķƑƏƏƒĸ
Woxvold & Magrath, 2005; Blackmore & Heinsohn, 2007; but see 
Meade et al., 2010).
These additive and compensatory investment strategies are 
not mutually exclusive (Hatchwell, 1999b; Kingma et al., 2010) and 
theory predicts the optimal stable solution is for parents to incom-
pletely compensate for additive care (load lightening) provided by 
additional carers (partial compensation), resulting in an increase in 
1-u;u;1;b;70o==vrubm]Ő;vv;ѴѴvş1-l-u-ķƑƏƐƑőĺ$_;7;]u;;
of parental response may be driven by the likelihood of offspring 
starvation, with more additive care when the risk of offspring star-
vation is higher, and more compensatory care when the risk of star-
vation is lower (Hatchwell, 1999b; Johnstone, 2011; Savage, Russell, 
& Johnstone, 2012).
o-7ŊѴb]_|;mbm]-m7-77b|b;1-u;v|u-|;]b;v_-;0;;mv|7b;7
in many cooperative breeding systems (Hatchwell, 1999a; Hatchwell 
ş !vv;ѴѴķ ƐƖƖѵ-ĸ ;bmvo_mķ ƑƏƏƓĸ b;0Ѵķ ol-moķ uombm]ķ ş
Russell, 2016; MacGregor & Cockburn, 2002; McDonald, Kazem, & 
)ub]_|ķƑƏƏƖĸ!vv;ѴѴķ-m]lou;ķ-u7m;uķşbѴm;uķƑƏƏѶĸ)ub]_|ş
Dingemanse, 1999), but it is often extremely difficult to disentangle 
the effect of helpers from the effects of living in a larger group or 
on different quality territories (Cockburn et al., 2008; Dickinson & 
-|1_;ѴѴķ ƑƏƏƓĸ bm]l-ķ "-m|;l-ķ $-0ouvhķ ş ol7;uķ ƑƏƐƓőĺ
For example, larger groups with more helpers may be better able 
to occupy territories with higher food availability; hence, the level 
of care to offspring might increase as a consequence of higher food 
availability in territories with helpers and not because of the con-
tribution of helpers per se. Similarly, if more individuals occupy the 
territory and utilize the food sources, apparent load lightening of 
breeders could instead be the consequence of their reduced pro-
visioning when food is more difficult to find; in such cases breed-
ers would not actually reduce the amount of energy they expend 
in providing care. However, studies on load-lightening and additive 
care disentangling the impact of helping from that of living in a larger 
]uoroubm-|;uub|oub|__b]_;u=oo7--bѴ-0bѴb|-u;u-u;Ő;ĺ]ĺķb;0Ѵ
et al., 2016; Cockburn et al., 2008).
Here, we use 20 years of parental and group provisioning data 
to investigate how helpers affect both breeder and overall off-
spring provisioning rates in the facultative cooperatively breeding 
Seychelles warbler Acrocephalus sechellensis. Seychelles warblers 
live in groups that occupy stable territories that are defended year-
round (Komdeur, 1991). Groups consist of a pair-bonded dominant 
male and female and 05 subordinate individuals of either sex that 
may or may not provide help with provisioning nestlings and fledg-
lings (Kingma, Bebbington, Hammers, Richardson, & Komdeur, 2016; 
ol7;uķƐƖƖƓőĺ$_;ru;v;m1;o=v0ou7bm-|;_;Ѵr;uv-m7mom_;Ѵr-
ing subordinates provides the opportunity to disentangle the impact 
of helping and group size (Woxvold & Magrath, 2005). Subordinates 
are generally retained offspring from previous reproductive at-
tempts in the territory (but see Richardson, Burke, & Komdeur, 2007; 
Groenewoud et al., 2018). Dominant individuals gain from helper 
care as this positively influences the first-year survival of offspring 
Őol7;uķƐƖƖƓőķ-m;==;1||_-|r;uvbv|v bm|o|_;-7Ѵ|_oo7o=o==-
spring receiving additional care (Brouwer, Richardson, & Komdeur, 
ƑƏƐƑőĺru;bovv|7om-7-|-v;|1oѴѴ;1|;77ubm]|_;=buv|=;
years of the Seychelles warbler study found that (a) nests with help-
ers received a higher amount of total provisioning compared to nests 
without helpers; (b) the provisioning effort of dominant females was 
independent of helper presence; and, (c) dominant males reduced 
their provisioning rates in groups with more helpers (Komdeur, 
ƐƖƖƓőĺ;u;ķ;u;rѴb1-|;|_bvv|7vbm]-l1_Ѵ-u];u7-|-v;|ķ-m7ķ
for the first time in this species, disentangle the impact of help from 
the effects of group size (including helpers and nonhelpers) and food 
availability.
ƑՊ |Պ$	"
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The Seychelles warbler population on Cousin Island (29 ha; 
ƏƓŦƑƏE?"ķƔƔŦƓƏE?ő_-v0;;mlomb|ou;71Ѵov;Ѵvbm1;|_;lb7ŊƐƖѶƏv
(Komdeur, Burke, Dugdale, & Richardson, 2016). The main breed-
ing season is JulySeptember, and a smaller breeding season occurs 
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JanuaryMarch (Komdeur, 1996). From 1997 onwards, ca. 96% of 
the population has been color-ringed, using a unique combination of 
a metal British Trust for Ornithology ring and color rings (Richardson, 
Jury, Blaakmeer, Komdeur, & Burke, 2001). We recorded the iden-
tity of all color-ringed birds present in each territory, and the sex of 
-ѴѴ 0bu7v _-v 0;;m loѴ;1Ѵ-uѴ 7;|;ulbm;7 vbm1; ƐƖƖƒ vbm] 0Ѵoo7
samples (Griffiths, Double, Orr, & Dawson, 1998). Dominant birds, 
defined as the pair-bonded male and female in a territory based 
on their behavioral interactions and nesting behavior (Richardson, 
Burke, & Komdeur, 2002), form long-term pair bonds. Groups may 
contain 05 sexually mature (>5 months old) subordinates, which 
are usually retained offspring (Groenewoud et al., 2018; Kingma et 
al., 2016; Richardson et al., 2002) and typically produce one clutch 
r;uv;-vomo=-vbm]Ѵ;;]] ŐѶƕѷĸu-m];Ɛŋƒ;]]vőĺ;v|Ѵbm]v=Ѵ;7];
1820 days after hatching and become independent around 88 days 
of age (Komdeur, 1991). Subordinate birds were defined as help-
ers when they were observed brooding or provisioning offspring at 
least once during a nest watch, with assessments made at every nest 
watch. Territories were checked for breeding activity at least once 
every 2 weeks by following the dominant female for a minimum of 
15 min. Once breeding, focal territories were checked every week 
for at least 15 min to determine nest building, brooding or feeding 
activity.
ƑĺƑՊ|Պuobvbombm]o0v;u-|bomv
We measured nestling and fledgling provisioning rates at nests pro-
duced between 1996 and 2015. Provisioning watches with >10% 
of provisioning events by unidentified birds were excluded from 
the analyses (N = 178 of 701 watches), with further nest watches 
excluded with no monthly insect abundance estimate (N = ƕƓőĺ 
|o|-Ѵo=ƓƓƖm;v|-|1_;v;u;bm1Ѵ7;7bmou-m-Ѵv;vķl;-vubm]
6090 min each. These watches included a total of 889 dominant 
breeder provisioning watches (Supporting Information, Table S1) 
o;u ƒƔƒ m;v|vķ -||;lr|;7 0 ƒƓƖ mbt; l-Ѵ;ŋ=;l-Ѵ; r-buvĺ $_;
|o|-Ѵ ml0;u o= mbt; 0bu7v bm1Ѵ7;7 ƑƐƓ 7olbm-m| =;l-Ѵ;v -m7
ƑƏƖ7olbm-m|l-Ѵ;vĺou|_u;;-m7vbo|o=ƓƓƖm;v|-|1_;vķmo
dominant female or male respectively was observed provisioning, 
resulting in a total of 889 dominant breeder provisioning watches 
(Supporting Information Table S1). Each nest was watched for a 
l;-mo=Ɛĺƒ|bl;vŐƖƔѷƷƐĺƑŋƐĺƒőķb|_-l;-m|o|-Ѵo0v;u-|bom
7u-|bomr;um;v|o=ѶƑlbmŐƖƔѷƷƕƖŋѶѵĸu-m];ƷѵƏŋƐѶƔlbmőĺ
=|_;v;ƓƓƖm;v|-|1_;vķƓƔѷbm1Ѵ7;7_;Ѵr;uv-m7ƒѵѷbm1Ѵ7;7
subordinate nonhelpers (Supporting Information Table S2). Ninety 
m;v|v ;u; -|1_;7 lou; |_-m om1;ķ -m7 ƐƑ ŐƐƒѷő o= |_;v; _-7
a subordinate that was classified as a helper in one watch and a 
 nonhelper in another watch. We scored helping on a per nest watch 
basis, as we were interested in how the behavior of the dominants 
varied in relation to the number of subordinates that were currently 
helping with provisioning or brooding.
Provisioning rates were calculated as the number of nest visits 
during which the nestling(s) was fed. Sex-specific parental invest-
ment, including building and guarding the nest or brooding, is known 
to change over the course of the pre- and posthatching stages 
(Komdeur & Kats, 1999). To account for different types of obser-
vations as a proxy of chick developmental state, we grouped provi-
sioning watches into three categories: (a) provisioning and brooding: 
a nestling was fed in the nest and a female was still brooding; (b) 
provisioning nestling: a nestling was fed in the nest and no brood-
ing occurred; and, (c) provisioning fledgling: a fledgling was fed away 
=uol|_;m;v|ĺѴ|_o]_0uoo7bm]7ubm]ruobvbombm]1-mo11u-v
a way to protect the nestling from the environment, most brooding 
occurred immediately after hatching (field observations).
ƑĺƒՊ|Պom|_Ѵbmv;1|-0m7-m1;-m7
|;uub|out-Ѵb|
Seychelles warblers are insectivorous, taking 98% of their insect 
food from the undersides of leaves (Komdeur, 2006; Komdeur & 
Pels, 2005). The number of insects present in a territory is a use-
=Ѵ bm7; o= |;uub|ou t-Ѵb| Őol7;uķ ƐƖƖƓő _b1_ u;=Ѵ;1|v |_;
number of fledglings, independent offspring and yearlings produced 
(Komdeur & Pels, 2005). Insect abundance was estimated by count-
ing the number of insects on the undersides of 50 leaves of the most 
abundant plant species (Eikenaar, Richardson, Komdeur, & Brouwer, 
ƑƏƐƏĸol7;uķƐƖƖƐőķ-|ƐƔŐm|bѴƐƖƖƖőouƐƓŐ-=|;uƐƖƖƖő=b;7Ѵo-
cations on the island once every month. Monthly insect abundance 
was calculated as the mean insect abundance across these locations, 
with insect abundances in each territory extrapolated from the near-
est insect count location (Komdeur, 1991). Furthermore, to provide 
an overall index of territory quality for each territory and investi-
gate long-term effects of environment on investment, we calculated 
mean standardized territory quality per territory over all seasons 
(Hammers, Richardson, Burke, & Komdeur, 2012). These estimates 
were calculated as insect abundance per unit leaf area (dm2) mul-
tiplied by vegetation abundance score, multiplied by territory size. 
;-=-u;--v;v|bl-|;7bmƐƖƖƐ0l;-vubm]|_;-u;-o==b;Ѵ;-;v
of each abundant plant species at 50 random sites on the island 
(Komdeur, 1991). Vegetation abundance was scored each season by 
determining the presence of all plant species at 20 random points in 
-|;uub|oubm|_;=oѴѴobm]_;b]_|0-m7vĹƏŋƏĺƕƔlķƏĺƕƔŋƑlķƑŋƓlķ
and at 2 m intervals thereafter (Komdeur, 1991). Territory sizes were 
l;-vu;7 ;-1_ v;-vom vbm] u1" Ɩĸ |;uub|ou 0om7-ub;v ;u;
based on observations of individual warblers and the outcomes of 
territory disputes. Territory quality estimates were standardized 
across territories in each breeding season, by mean centering and 
dividing by two standard deviations (Gelman & Hill, 2007).
ƑĺƓՊ|Պ"|-|bv|b1-Ѵl;|_o7v
We performed generalized linear mixed model analyses in 
]ѴllƑĺƑƓŐ-7=b;Ѵ7ķƑƏƐƏőķ_b1_|-h;v--;vb-m-rruo-1_ķ
bm!ƒĺƓĺƏŐ!ou;$;-lķƑƏƐƕőĺ);=buv|bm;v|b]-|;7|_;blr-1|o=
helper care on the dominants parental investment by modeling the 
number of provisioning visits by each dominant individual to off-
vrubm]ĺѴom]b|_|_;ml0;uo=_;Ѵr;uvķ;bm1Ѵ7;7|_;v;o=|_;
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dominant individual, number of offspring, group size, provisioning 
watch type (provisioning and brooding, provisioning nestling, pro-
visioning fledgling), monthly insect abundance and territory quality 
index as fixed effects. To explore sex differences in provisioning in 
response to helper presence or type of provisioning watch (a proxy 
for chick developmental state), we tested for an interaction between 
the number of helpers and sex of the dominant individual, and pro-
visioning watch type and sex of the dominant individual. To account 
for varying observation duration, yet retain variation, the log of the 
watch duration was also included in the fixed structure (log was ap-
plied due to right skew) and a prior was specified to set its regression 
coefficient to 1 (i.e., observation duration was treated as an offset). 
To control for repeated measures from dominant individuals that pro-
visioned in more than one breeding season, we included bird identity 
as a random effect, using an idh variance structure (heterogeneous 
error variance with no covariance) to allow sex-specific variances to 
be estimated. To control for multiple provisioning watches and simul-
taneous watches of males and females at the same nest, we included 
the random effects of provisioning watch identity nested within nest 
identity. We did not include territory identity as the posterior den-
sity plot of territory identity was poor. Multiple provisioning records 
from the same territory could therefore be a problem in our analy-
ses, so to best control for this without including territory identity, 
we included individual identity and territory quality, to account for 
multiple records from the same birds and birds in similar quality ter-
ritories potentially having similar provisioning rates. To control for 
differences between observers we included observer identity as a 
random effect. For the random effects, we applied parameter ex-
panded priors (noncentral scaled F-distribution; VƷƐķ mƷƏĺƏƏƑķ
-Ѵr_-ĺlƷƏķ -Ѵr_-ĺ(ƷƐķƏƏƏő |o -b7 1_-bm lbbm]ķ -v |_; -ub-m1;
was close to zero and inverse-Wishart distributed priors have high 
density at values close to zero (Hadfield, 2015). For bird identity and 
residual variance, the expanded prior was structured as a 2×2 matrix 
to estimate variances for dominant males and females separately. 
The model had a Poisson error distribution and log link, was run for 
ƓĺƔƵƐƏ5 iterations with a burn-in of 5 × 10Ɠ-m7|_bmmbm]o=ƓƏƏĺ
To test whether helper effects were additive or compensatory, we 
modeled the total number of provisioning visits per watch (i.e., by all 
dominants and helpers combined). This model was the same as the pro-
visioning model except that the response was the total number of feeds, 
the parameters describing sex and bird identity were omitted and the 
model was run for 2.1 × 107 iterations with a 1 × 106 burn-in and 2 × 10ƒ 
thinning. Provisioning observations of nests with more than one nestling 
can be confounded by factors such as sibling competition (Bebbington 
et al., 2017) and reduced statistical power resulting from low sam-
rѴ;vb;o=m;v|vb|_lou;|_-mom;m;v|Ѵbm]ŐƓѶņƔƑƒőĺ);|_;u;=ou;
ran additional models with identical settings on single nestling nests 
thereby excluding the number of offspring as a fixed effect (Supporting 
Information) to confirm that this did not alter our conclusions.
To assess model convergence, we checked that the: (a) autocor-
relation for all parameters was <0.1; (b) variance estimates passed 
the Heidelberger and Welch's convergence diagnostic, which test 
if successive samples are drawn from a stationary distribution; 
(c) variance estimates passed the Geweke diagnostic, which tests 
for equality of the means of the first 10% and last 50% of the 
Markov chain; and (d) variance inflation between fixed effects was 
ƺƒ |o -ob7 1oѴѴbm;-ub| ŐoѴ;v ş -uѴbmķ ƐƖƖѵĸ ;;h;ķ ƐƖƖƐĸ
;b7;Ѵ0;u];uş);Ѵ1_ķƐƖѶƒőĺ);;-Ѵ-|;7b=|_;ƖƔѷ1u;7b0bѴb|
intervals (95% CrI) of the posterior modes overlapped zero, where 
a departure from zero was interpreted as a significant effect.
ƒՊ |Պ!"&$"
Both male and female dominants showed lower provisioning ef-
fort when more helpers aided in provisioning (12.9% reduction in 
   & !   Ɛ Պ Posterior density estimates 
of parameter modes, and their 95% 
credible intervals, for the fixed effects 
used to model the number of feeds 
by dominant Seychelles warblers with 
or without helpers: monthly insect 
abundance, index of territory quality, 
ml0;uo=o==vrubm]ŐƐƷѶƏѶķƑƷƕƖķ
ƒƷƑőķ]uorvb;ŐƑƷƑѶƏķƒƷƓƑƔķ
ƓƷƐƔƏķƔƷƒƏķѵƷƓőķml0;uo=
_;Ѵr;uvŐƏƷƓƖƑķƐƷƒƔƏķƑƷƓƕőķ
v;o=|_;7olbm-m|0bu7Ől-Ѵ;ƷƓƓѵķ
=;l-Ѵ;ƷƓƓƒĸ1om|u-v|Ʒ=;l-Ѵ;őķ-|1_
|r;Őruobvbombm]-m70uoo7bm]ƷƓƒѶķ
ruobvbombm]m;v|Ѵbm]ƷƒѶƓķruobvbombm]
=Ѵ;7]Ѵbm]Ʒѵƕĸ1om|u-v|Ʒruobvbombm]
nestling). *Parameters whose credible 
intervals do not overlap zero
Dominant male x Provisioning fledgling
Dominant male x Provisioning and brooding
Dominant male x No. helpers*
Provisioning fledgling
Provisioning and brooding
Dominant male
No. helpers
Group size*
No. offspring*
Territory quality*
Monthly insect abundance*
Intercept
−2 −1 0
Parameter estimates
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feeds/hour per helper, from 8.5 (no helpers, NƷƓƖƑő |o ѶĺƐ Őom;
helper; NƷƒƔƏő-m7ƕĺƓ=;;7vņ_ou Ő|o_;Ѵr;uvĸNƷƓƕőĸb]u;v
1 and 2). This load-lightening effect was similar for males and fe-
males as no interaction between the sex of the dominant and the 
ml0;uo=_;Ѵr;uv-v=om7Őb]u;Ɛőĺmbm|;u-1|bom0;|;;m|_;
sex of the dominant and provisioning watch type revealed that the 
provisioning rates of dominant males were 27.0% higher to nest-
Ѵbm]vŐѶĺƏ=;;7vņ_uő;uvv=Ѵ;7]Ѵbm]vŐƔĺѶ=;;7vņ_uĸb]u;vƐ-m7ƒőĺ
The opposite pattern was observed in dominant females, which fed 
fledglings almost twice as much as nestlings (12.0 vs. 6.8 feeds/hr; 
b]u; ƒőĺ ;;7bm] u-|;v ;u; mo| vb]mb=b1-m|Ѵ u;Ѵ-|;7 |o lom|_Ѵ
insect abundance, territory quality, number of offspring, or group 
size (Figure 1).
We found an increase in total provisioning when helpers were 
=;;7bm] -m7 -Ѵvo _;m lou; _;Ѵr;uv ;u; bmoѴ;7 Őb]u; Ɠőĺ 
vbm]Ѵ;_;Ѵr;uu;vѴ|;7bm-mbm1u;-v;o=ƒƏĺƔѷŐƑƑĺƑbvb|vr;u_ouķ
NƷƐƕƕķ1olr-u;7|oƐƕĺƏ=;;7vbmr-buvķNƷƑƓѶőruobvbombm]bv-
its per hour, and a second helper increased the total provisioning 
;==;1| |o-ѵƓĺƕѷ bm1u;-v; ŐƑѶĺƏ =;;7ņ_ouķ NƷƑƓĸb]u;Ɣőĺ$_;
total number of provisioning visits each hour to nestlings also being 
0uoo7;7 -v ƑƒĺƏѷ Ѵ;vv |_-m |o m;v|Ѵbm]v omѴ 0;bm] ruobvbom;7
ŐƐƕĺѵ vĺ ƑƐĺѵĸ b]u;v Ɠ -m7 ѵőĺ $_; |o|-Ѵ ml0;u o= ruobvbombm]
visits received by offspring was not correlated with group size, 
number of offspring, territory quality or monthly insect abundance 
Őb]u;Ɠőĺ1Ѵ7bm]m;v|vb|_lou;|_-mom;o==vrubm]=uol|_;v;
models did not change the direction or significance of our results 
(Supporting Information). Together, these results indicate load-light-
ening and total provisioning increased with additive feeding invest-
ment by helpers.
ƓՊ |Պ	"&""
Our analyses of the long-term Seychelles warbler dataset revealed 
both additive and compensatory helper effects in this species. 
Helpers lightened the provisioning load of dominant individuals and 
increased the total number of provisioning trips to the nestlings. 
These results were not the confounding result of group size or ter-
ritory quality. Moreover, in addition to subordinates being defined 
as helpers if they were observed provisioning, subordinates could 
also be classified as helpers if they were observed aiding with the 
brooding only (and not provisioning). Therefore, this is a conserva-
tive analysis and the actual additive and compensatory effects might 
be higher. The increased total nest provisioning effort resulting 
from additive helper provisioning could lead to higher nestling sur-
b-ѴŐ-|1_;ѴѴķƐƖƖƖ0ĸ-1oѴѴş-|1_;ѴѴķƑƏƏƒĸ(-Ѵ;m1b-ķuķ
Carranza, & Mateos, 2006; Woxvold & Magrath, 2005). Indeed, in 
the Seychelles warbler, this may well explain the higher survival of 
o==vrubm]bm|_;bu=buv|;-uŐol7;uķƐƖƖƓő-m70;om7Őuo;u;|
al., 2012), leading to direct fitness benefits for parents.
We demonstrated that, in addition to additive care, helpers 
also provide load-lightening benefits for dominant individuals, as 
dominants of both sexes reduced provisioning rates when aided by 
_;Ѵr;uvĺ m vol;ķ 0| mo| -ѴѴķ vr;1b;v Ő;bmvo_mķ ƑƏƏƓĸ bm]l- ;|
al., 2010) such load-lightening benefits have been associated with 
increased survival of dominants with helpers. In the Seychelles 
warbler, survival of dominants with and without helpers is similar 
Őol7;uķƐƖƖƓĸ-ll;uv;|-Ѵĺőķ;1;r|-lom];uoѴ77olbm-m|v
when those that receive help show higher survival (Hammers et al. ). 
While it may be that load-lightening effects on breeder survival are 
only obvious in some circumstances (i.e., when breeders are old), 
other reproductive components (like renesting opportunities or time 
between nesting attempts) may also be affected by breeders reduc-
ing their current workload. Future work will need to reveal whether 
such effects may explain selection on breeders reducing workload 
in response to help.
We found that provisioning rates of male dominants were lower 
than those of female dominants in most provisioning watches. Sex-
related differences in the parental investment of the dominants are 
mo| m1ollom Ő-|1_;ѴѴķ ƐƖƖƖ0ĸ -1oѴѴ ş -|1_;ѴѴķ ƑƏƏƒőķ
and are proposed to result from diverging cost-benefit trade-offs 
0;|;;m |_; v;;v Ő-1oѴѴ ş -|1_;ѴѴķ ƑƏƏƒőĺ ";;u-Ѵ v|7b;v
have shown that the genetic relatedness of the carer to the brood 
affects investment, where male uncertainty of parentage can result 
in lower amounts of care (e.g., Burke, Daviest, Bruford, & Hatchwell, 
ƐƖѶƖĸ;==ķƑƏƏƒĸohhoş;mmbomvķƑƏƐƑőĺm|_;";1_;ѴѴ;v-u-
bler, male breeders are on average less related to the offspring than 
=;l-Ѵ;vķ7;|o|_;ƓƓѷ;|u-Ŋr-bur-|;umb|o11uubm]bm|_bvvr;-
cies (Hadfield, Richardson, & Burke, 2006; Richardson et al., 2001), 
which may explain the overall lower provisioning by breeder males.
The observation that sex-specific investment changed over the 
course of the breeding event may suggest that other aspects, be-
sides certainty of parentage, affect the symmetry of provisioning 
between sexes, as has been observed in other species (Cockburn et 
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  Ƒ Պ The predicted mean number of feeds in provisioning 
watches by dominant Seychelles warblers in respect to the number 
of helpers present. Error bars represent 95% confidence intervals 
and numbers at the top of the graph represent number of dominant 
breeder watches
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al., 2008; Meade et al., 2010). For example, females might reduce 
the costs of investment before the nestling period by decreasing 
;]]vb;_;m-vvbv|;70_;Ѵr;uv Ő!vv;ѴѴķ-m]lou;ķ-u7m;uķş
Kilner, 2008; Dixit et al., 2017; but see Koenig, Walters, & Haydock, 
2009). In the Seychelles warbler, females predominantly build the 
nest and brood the egg, and spend less time foraging compared 
to males, who guard the nest (Komdeur & Kats, 1999). This, in 
combination with ongoing brooding of newly hatched chicks, may 
suggest higher costs, such as time investment, for females during 
the prenestling and young-nestling period, which could explain 
lower provisioning effort of the dominant female compared to the 
dominant male shortly after hatching. Therefore, the most suitable 
investment strategy may change within the breeding season and 
fine-scaled studies are required to understand the evolution of pa-
rental care (Savage, Browning, Manica, Russell, & Johnstone, 2017).
Our results differ from previous findings of provisioning effort in 
|_;";1_;ѴѴ;v-u0Ѵ;ubmu;Ѵ-|bom|o_;Ѵr;uru;v;m1;ĺol7;uŐƐƖƖƓő
found a load-lightening effect for dominant males only when three 
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  ƒ Պ The predicted mean number of feeds during provisioning watches by dominant Seychelles warbler males and females in 
relation to the three types of provisioning watches: provisioning and brooding nestlings (brood. nestling), provisioning nestlings (nestling) 
and provisioning fledglings (fledgling). Error bars represent 95% confidence intervals and numbers at the top of the graph represent number 
of dominant breeder watches
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   & !   Ɠ Պ Posterior density estimates 
of parameter modes, and their 95% 
credible intervals, for the fixed effects 
used to model the total number of feeds 
received by the Seychelles warbler 
offspring from all feeding birds per 
provisioning watch: monthly insect 
abundance, index of territory quality, 
ml0;uo=o==vrubm]ŐƐƷƓƏѶķƑƷƓƏķ
ƒƷƐőķ]uorvb;ŐƑƷƐƓƐķƒƷƑƐƓķƓƷƕƕķ
ƔƷƐƔķѵƷƒőķml0;uo=_;Ѵr;uvŐƏƷƑƓѶķ
ƐƷƐƕƕķƑƷƑƓőķ-|1_|r;Őruobvbombm]
-m70uoo7bm]ƷƑƑƑķruobvbombm]
m;v|Ѵbm]ƷƐƖƒķruobvbombm]=Ѵ;7]Ѵbm]ƷƒƓĸ
1om|u-v|Ʒruobvbombm]m;v|Ѵbm]őĺ
*Parameters whose credible intervals do 
not overlap zero
Provisioning fledgling*
Provisioning and brooding
No. helpers
Group size*
No. offspring*
Territory quality*
Monthly insect abundance*
Intercept
−1.5 −1.0 −0.5 0.0
Parameter estimates
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or more helpers were present. The relatively higher degree of load 
lightening identified here, for both sexes and with a smaller number of 
helpers, could result from the higher data accuracy used in the current 
study, with 97% of the Cousin bird population ringed versus <50% in 
|_;ru;bovv|7ĺѴ|;um-|b;Ѵķ|_;v;u;vѴ|v1oѴ7v]];v||_-||_;
cost-benefit trade-offs for dominant individuals may have changed 
since Komdeur's earlier Seychelles warbler study. For instance, an in-
crease in offspring survival (e.g., due to higher quality of insects or 
increased protection from the environment; Komdeur & Pels, 2005) 
would allow parents to relax investment into the current brood.
ƔՊ |Պ&"
Our study adds to the growing evidence that both compensatory 
and additive care can apply at the same time within one species. 
These simultaneous parental care strategies are fundamental to the 
evolutionary maintenance of cooperative behavior. The exact fitness 
effects of both load-lightening and additive care, as well as sex-spe-
cific changes in fitness benefits during the breeding season need to 
be explored in the future.
)	 $"
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   & !   Ɣ Պ The predicted total number of feeds during 
provisioning watches in relation to the number of helpers present 
in the territory. Error bars represent 95% confidence intervals and 
numbers at the top of the graph represent number of dominant 
breeder watches
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   & !   ѵ Պ The predicted total number of feeds received by the 
Seychelles warbler offspring from all feeding birds in relation to 
the three types of provisioning watches: provisioning and brooding 
nestlings (brood. nestling), provisioning nestlings (nestling) and 
provisioning fledglings (fledgling). Error bars represent 95% 
confidence intervals and numbers at the top of the graph represent 
number of dominant breeder watches
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